Hydronephrosis occurred in 6 of the 13 inbred mouse strains maintained in the same colony. Its incidence was high only in the BRVR strain, where about half of the cases could only be detected microscopically. There was no concomitant infection even in severely abnormal BR VR kidneys and the incidence of the condition was not influenced by dietary variation. The hydronephrosis found, less frequently, in 5 of the other strains was of a different type from that in BR VR mice.
and Tucker & Baker (1967) described hydronephrosis occurring exclusively in mature male mice, caused by urinary back-pressure as a consequence of urethral obstruction.
Recently congenital hydronephrosis, unaccompanied by back-pressure, has been reported in males and females of all ages in BRVR (Collins, Goodheart & Henson, 1972) and NZC mice (Warner, 1971 ). The condition is strikingly similar in both these strains and neither carries any of the mutant genes already known to give rise to hydronephrosis in addition to their main effects upon the skeleton (Bagg, 1929; Carter, 1953; Falconer, Latyszewski & Isaacson, 1964; Green, 1951; Searle, 1964; Dunn & Gluecksohn-Schoenheimer, 1947) . This paper compares the relative incidence of hydronephrosis in 13 strains of inbred mice. The severity of the condition, its distribution in right and left kidneys and the effects of dietary variation were studied in BRVR mice, which showed a high incidence of hydronephrosis.
A histological survey to determine the incidence of BRVR hydronephrosis not diagnosed by macroscopic examination is described.
MA TERIALS AND METHODS

Inbred mouse strains
The strains examined were 129jLacDk, A2GjfLacDk, BALB/c/fLacDk, BRVRjfSrDk, BSVSjSrDk, C3H/fLac, C57BL/FaDk, LM/Dk, MMjDk, RlIIjFaDk roro, SMjRrDk, VLjDk and VM/Dk. All were maintained as sibling matings under a standard husbandry regime which provided a commercially available steam-treated diet (except for the experiment designed to study the effect of dietary variation), and tap water ad libitum.
Sterilized sawdust was used as bedding.
Pathological examination
It is routine practice in this laboratory that samples of all the mouse strains are examined post mortem, including inspection of the kidneys following longtitudinal incision. Histological sections were prepared from formolsaline fixed, paraffin-wax embedded material and stained with Mayer's haem atoxylin and eosin. Kidney urine samples aspirated from hydronephrotic kidneys were plated out on blood agar and MacConkey agar together with the examination of a Gram smear and wet preparation.
In addition, a random sample of 49 macroscopically normal left and right BRVR kidneys was examined histologically.
Dietary variation 2 male and 2 female siblings from each of 5 different BRVR breeding lines were set up as parallel matings, and one group was fed the standard steamtreated diet ('Laboratory Diet 1'; Spratt's Patent Ltd, Central House, Cam-bridge Road, Barking, IG 11 8NL), the other a pasteurised diet ('Pasteurised Breeding Diet'; Oxoid Ltd, Southwark Bridge Road, London, S.E.1). The kidneys of all their progeny, born during a 250-day period, were examined at weaning, as were those of the parents at the end of the experiment.
RESULTS
Pathological examination
The incidence and bilateral distribution of hydronephrosis seen at autopsy in the 13 strains is recorded in Table 1 . BR VR mice showed by far the highest incidence, and a much lower incidence was found in the strains BSVS, C57BL, LM, MM and VM. Although the hydronephrotic state was generally only detectable at autopsy some BRVR mice were so severely affected that gross unilateral or bilateral abdominal distention due to distinctly palpable kidneys enabled a clinical diagnosis to be made. In 1 such animal death occurred due to the rupture of a grossly enlarged kidney, but this is in marked contrast to the general observation that the abnormality does not usually impair viability. The kidney on the left is unaffected with hydronephrosis.
Hydronephrosis was seen in BRVR mice of both sexes at all ages, including foetuses.
The affected kidneys showed great variation in appearance, sometimes being only slightly hollowed, while at other times being so dilated that the wall of the kidney was transparent (Fig. 1) . In both sexes the right kidney was more commonly affected than the left. Hydroureter was occasionally seen, but only as an accompanying feature.
The severity of the abnormality was not dependent on the age of the mouse; for example, severe hydronephrosis was seen in very young animals and mild hydronephrosis in old animals. No part of the urinary tract was found to be occluded, nor was there any of the stone formation found in some other conditions in this colony. When hydroureter was seen it commonly occurred only in the upper portion of the ureter down to the level of intersection by the genital artery, and peristalsis was observed in the affected portion of the ureter but not in the remainder. Preliminary investigation of the strains of mice with a lower incidence of hydronephrosis suggests that at least in LM, MM and VM mice the condition is seen almost exclusively in males and is probably associated with urinary back-pressure.
Histological examination
In most cases of BRVR hydronephrosis, the renal parenchyma is remarkably free of degenerative or inflammatory lesions, and this is the case even when the cortex and medulla are considerably narrowed and the pelvis greatly dilated.
Therefore the single most common feature in this strain is a dilated pelvis on its own. However, this is sometimes accompanied by a narrowing of the renal papillae and by the presence of cystic spaces in the renal parenchyma, typically at the corticomedullary junction (Fig. 2) . A feature of a few cases was tubular distention, whereas distention of Bowman's capsules is very infrequent in the BRVR condition.
These findings would not indicate a backpressure effect. In contrast, some of the findings in strains LM, MM and VM were indicative of urinary obstruction and capsular distention was relatively common which, in the case of VM, sometimes resulted in shrunken glomerulae.
A hydropic or foamy degeneration of tubular epithelium was also sometimes present in VM mice. 
Microbiological examination
In the earliest part of the survey, urine samples from hydronephrotic BRVR kidneys were routinely cultured but because of the consistently. negative results this was reduced to an occasional random sample, or the investigation of kidneys which by their appearance were suspected of being infected.
In all, Staphylococcus pyogenes aureus was isolated from 1 of the 30 cases examined.
Sampling of macroscopically normal kidneys
In a total of 18 female and 31 male BRVR mice, aged between 59 and 500 days, unequivocal hydronephrosis was diagnosed histologically in 3 females and 3 males. A further 4 males were found to have some distention of Bowman's capsules and were defined as having marginal hydronephrosis.
Added to the figures for macroscopically detectable hydronephrosis these findings indicate an overall incidence of 28 % in females and 40.5 % in males.
Dietary variation
In order to assess whether some peculiarity of the standard diet was responsible for the high incidence of BRVR hydronephrosis, a different commercially-available diet was tested. The results of this experiment are shown in Table 2 . There are no significant differences in the incidence of hydronephrosis between the 2 groups although the percentage weaned differs markedly for the 2 diets. It is probable, from the work of Collins et al. (1972) , that the hydronephrotic state described in BRVR mice is under genetic control but, if so, its mode of inheritance is not understood and further conclusions about this cannot be drawn from the present study. In routine matings where all progeny have been examined there has been no constancy in the incidence; several litters may be born before a single case is seen and conversely an affected 1st litter may be followed by several unaffected litters. Hydronephrosis was also seen in progeny from normal parents.
When hydroureter was present, the portion of ureter below the point of intersection with'the genital artery was invariably normal as previously reported in the mouse (Wallace & Spickett, 1967) and the rat (Sellers, Rosenfeld & Friedman, 1960) , A theory which has been proposed to explain this phenomenon is the possible inhibition of ureteric muscular contraction with subsequent adhesion of the genital artery to the ureter and consequent aggravation of the condition, It is unlikely that the intersecting artery could cause blockage simply by pressure.
Hydroureter is not considered to be a precursor of hydronephrosis because it was only seen occasionally.
The finding of a greater incidence of hydronephrosis of the right kidney in both sexes of BRVR mice is an interesting addition to other reports (Sellers et al., 1960; Wallace & Spickett, 1967) where, in a number of species, instances were found of either predominantly left-sided or predominantly right-sided hydronephrosis.
[n BSVR the data presented in Table 1 supports the findings of Collins et al. (1972) who reported a low incidence of hydronephrosis in this strain.
The low incidence detected in C57BL mice has also been documented previously (Metcalf & Holmes, unpublished observations, cited by Warner, ]971).
An interesting feature of the strains MM, LM and VM, in which some males show hydronephrosis, is that these were all derived from the same randombred colony of albino mice. Histological evidence suggests that the condition may be caused by urinary obstruction, and although coagula of seminal proteins are commonly found in the urethra of normal mature male mice (Mann, 1964) , the plugs which are found in these hydronephrotic animals are unusually large. Urethral plugs have been found to give rise to hydronephrosis caused by back-pressure in a polydypsic mouse strain (Silverstein et al., 1961; Sokoloff & Barile, 1962) . It is also possible that stricture of the urethra could arise from inflammatory lesions of the genitalia, particularly fighting trauma.
Bladder calculi composed of phosphates, which may be a further cause of urinary back-pressure, sometimes occur in male MM mice. Males of this strain are particularly susceptible to a naturally-occurring ascending urinary tract infection caused by Proteus mirabilis. The calculi of deposited phosphates are a result of the alkaline nature of the infected urine. The study of this condition will be the subject of a later paper.
